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1. Introduction 
We have been developing a high specific power 

lithium-ion battery for hybrid electric vehicles (HEVs). 
For improving the specific power of a li thium-ion battery, 
it is necessary to analyze li thium-ion transport phenomena 
in the cell . However, it is very diff icult to measure 
concentration polarization of lithium-ion in the electrode, 
because the electrode is composite which consists of 
active material and electrolyte. 

In this work, we had modeled the cell and made the 
simulation program for analyzing the lithium-ion 
transport phenomena during large current discharge. By 
this simulation program, we calculated the transport 
behavior at large current discharge, under the solution-
phase diffusion limitations, and compared the calculated 
results with our previous experimental results [ref 1]. 
Good agreement was seen between the calculated and 
experimental results.  

 
2. Simulation model 

Figure 1 shows the simulation model for a lithium-ion 
battery, which was treated as one-dimensional. This 
model consists of a composite positive electrode, a 
separator and a composite negative electrode. Composite 
electrode model is based on Newman’s porous electrode 
theory [ref 2]. The governing equations for the system 
were li thium-ion mass transfer equations inside the active 
materials and the electrolyte, and current transfer 
equations inside the active materials and the electrolyte. 
The algorism to solve these equations was explicit method. 
The electrode kinetics was assumed to follow a Butler-
Volmer form. 

 
3. Results and Discussion 

The Lithium-ion battery that we used consisted of 
LiMn2O4, 1M-LiPF6(PC+DMC) and Li foil . The average 
diameter of active materials was 2.5 µm so that the 
discharge was dominated by solution-phase diffusion 
limitations, not by solid-phase limitations. Figure 2 shows 
the discharged capacity ratio at various discharge rates. 
With an increasing discharge rate the discharged capacity 
ratio decreased.  Figure 3 shows the discharged capacity 
ratio at various thickness of the composite positive 
electrode. With an increasing thickness the discharged 
capacity ratio decreased. Good agreement was seen 
between calculated and experimental results. With above 
results we considered that this simulation program could 
simulate the discharge behavior of lithium-ion battery. 

In summary we could confirm that our program was an 
effective analyzing tool for improving the specific power 
of a lithium-ion battery for HEVs. 
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Fig.2. The discharged capacity ratio at various
discharge rate
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Fig.3. The discharged capacity ratio at various
thickness of composite positive electrode
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